Otitis media (OM) is the accumulation of fluids in the middle ear, with or without the symptoms of inflammation. The infection is caused by dysfunction or obstruction of eustachian tube and is most commonly diagnosed in children under the age of two\[[@ref1]\]. OM is a major health problem and occurs with high incidence and prevalence in both developed and developing countries\[[@ref2]\]. The microbiology of OM differs with *Streptococcus pneumoniae*, *Heamophilus influenzae*, *Moraxella catarrhalis*, the most commonly isolated pathogens responsible for majority of infections\[[@ref3]\]. The burden of otitis media is particularly heavy for children in the areas of the world in which access of medical care is limited\[[@ref4]\]. Infants with severe and recurrent OM with effusion are at a risk of problems in behavior and development of speech, language and cognitive ability\[[@ref5]\]. In addition to this otitis media is responsible each year for more than 50 000 deaths in children younger than 5 y of age\[[@ref6]\]. Among the south-Asian countries, a prevalence rate in India is high (7.8%)\[[@ref7]\].

Treatment modalities for otitis media infection include use of antibiotics and pain relievers in the forms of ear drops, ointments, insufflations. The surgical procedure is only for the cases where the medication is non-responsive. It includes insertion of small ventilation tube in the ear drum to improve air flow and fluid back up in the middle ear.

One of the limitations of intra tympanic (IT) drug delivery is that drug is rapidly lost from the middle ear by a number of processes. Ear drops have drawback of shorter residence time in ear, while semisolid preparations have disadvantages such as difficulty in application. The middle ear mucosa is ciliated, which aids the removal of fluids from the compartment. In order to provide a prolonged delivery of drug to the cochlea, it is therefore necessary to control the drug loss from the middle ear, specifically drug loss down the eustachian tube and clearance from the middle ear mucosa. This can be achieved by formulating a solution, which undergoes phase transition at a body temperature and forms *in situ* gel after administration. A typical composition of such otic gel may include thermosensitive gelling polymer such as Poloxamer 407\[[@ref8]\].

In the present research work, otic *in situ* gel containing the combination of a broad spectrum antibiotic e.g. ciprofloxacin and antiinflammatory drug e.g. dexamethasone was formulated. *In situ* forming systems are liquid aqueous solution before administration, but gel under physiological conditions. There are several mechanisms that lead *in situ* gel formation\[[@ref9]\]. The major advantage associated with *in situ* gel is the possibility of administrating accurate and reproducible quantities compared to the already formed gel\[[@ref10]\].

An *in situ* gelling system undergoes phase transition and is strong enough to withstand shear forces in the tympanic cavity and have long residence time in the ear. *In situ* gel along with its ability to release the drug in sustained manner lowers the systemic absorption of drug, thereby reduces the need for frequent administration and thus improves patient compliance.

Ciprofloxacin hydrochloride is having better safety profile, broad spectrum activity and short half life (3-5 h), justifying the need of sustained drug delivery\[[@ref11][@ref12]\]. Among the topical antibiotics, topical fluroquinolones are more effective than other types of antibiotics in OM\[[@ref13][@ref14][@ref15]\]. Dexamethasone sodium phosphate is an antiinflammatory drug having better safety profile and help in rapid resolution of otorrhea\[[@ref16]\]. The Poloxamer was used as temperature sensitive gelling polymer, Klucel HF (Hydroxyl propyl cellulose) and Natrasol 250M (Hydroxy ethyl cellulose) were added to build up the viscosity of the gel.

MATERIALS AND METHODS {#sec1-1}
=====================

Ciprofloxacin hydrochloride was generous gift from Zim Laboratories Ltd., Nagpur, India, dexamethasone sodium phosphate was received as gift from Unijules Pvt. Ltd., Nagpur, India. Klucel HF (hydroxypropyl cellulose) and Natrosol 250M (hydroxyethyl cellulose) was provided by Signet Chemical Corporation, Mumbai, India. All other chemicals and solvents used were of analytical grade.

Formulation of medicated *in situ* gels: {#sec2-1}
----------------------------------------

A typical formulation of medicated *in situ* gel consisted of ciprofloxacin hydrochloride 0.3% w/v, dexamethasone sodium phosphate 0.1% w/v, benzalkonium chloride 0.01% v/v, thermosensitive gelling polymer Poloxamer 407 (17-19% w/v), viscosity modifiers Klucel HF, Natrosol 205M (0.5, 1, 1.5% w/v) and distilled water as solvent ([Table 1](#T1){ref-type="table"}). The formulations were prepared by dispersing the Poloxamer in sterile water with continuous mixing, addition of viscosity modifiers fallowed by weighed quantities of drugs. The mixture was store overnight at 4^o^ to allow complete hydration of polymer. To the above solution, benzalkonium chloride was added with continuous mixing until a clear solution.

###### 

COMPOSITION OF FORMULATIONS
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Estimation of drug content: {#sec2-2}
---------------------------

The contents of ciprofloxacin hydrochloride and dexamethasone sodium phosphate in various formulations were estimated by UV spectrophotometric method. For this, 0.1 ml of each of the otic formulation was taken and diluted up to 100 ml with distilled water. The samples were analysed spectrophotometrically at λmax of ciprofloxacin hydrochloride and dexamethasone sodium phosphate i.e. 271 nm and 242 nm, respectively. The concentration of drugs in samples was determined from a previously developed and validated simultaneous method\[[@ref17]\].

Sol-gel transition temperature: {#sec2-3}
-------------------------------

For this, about 2-3 ml of each of the sol formulation was taken in glass test tubes. The test tube was exposed to gradually increasing temperature in the range of 32°-38° (increment of 1° every 5 min) and the temperature at which sol was transformed to semisolid gel was noted.

Gelling time: {#sec2-4}
-------------

The gelling time was measured by using glass chamber tilted at an angle of 45° containing water, which was maintained at 37°±0.5°. The individual otic formulations (100-200 μl) were dropped on the outer surface of glass chamber and time required for phase transition was noted. The transition of solution to viscous gel was observed visually and numerical grades ([Table 2](#T2){ref-type="table"}) were assigned depending upon, time taken for gel formation and collapsing of gel structure.

###### 

GRADATION OF *IN SITU* OTIC GEL
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Mucoadhesive strength: {#sec2-5}
----------------------

For determination of mucoadhesive strength of otic gel an apparatus was fabricated in the laboratory. The apparatus was modified dispensing balance consisting of central lever, on one arm with pan and other arm with glass vial. Another glass vial in inverted position was fixed to the wooden base of the balance using double sided adhesive tape. The membrane was fitted in the gap between lower surface suspended vial and upper surface of the fixed vial. Weighed quantities (0.5 g) of individual samples of otic gel formulations were applied to the base of inverted glass vial using double sided adhesive tape to secure the gel in position. The distance between two vials was adjusted in such a way that the gel sample remained adhered to mucosal membrane. Sufficient pressure was applied on both of the vials for 10 s to allow proper adhesion of gel to mucosa. A constant weight was added to the pan to pull the vial away from the vial. The weight required for detaching the two vials was noted down. The mucoadhesive force, expresses as the detachment stress in dyne/cm^2^. Detachment stress=mg/A, where, m is the weight required for detaching the two vials, g is the acceleration due to gravity, taken as 980 cm/s^2^, and A is the area of membrane exposed and is equal to A=πr^2^. (r- is the radius of the exposed membrane).

Gel strength: {#sec2-6}
-------------

For this, 8 ml of each of the gel bases (sol phase) was transferred into 10 ml glass measuring cylinder. The cylinder was fixed to the burette stand using a three way clamp. A scale of 15 cm was placed at the back drop of the cylinder. A stainless steel ball bearing (6 mm diameter and 1.045 g weight) was dropped from height of 5 cm into the bulk of gel mass contained in the cylinder with proper care of not allowing the ball to touch the sides of cylinder. The distance travelled by the ball within 2 min was noted down to the nearest value in mm.

Viscosity measurement and rheological behaviour: {#sec2-7}
------------------------------------------------

The viscosity of both the phases of each formulation i.e. sol phase (at temperature below 10°) as well as that of the preformed gels (at temperature 35-37°) was noted using Brookfield viscometer (RVDV-II+Pro) with small sample volume adaptor. In case with sol phase, the specified volume of solution was transferred in sample cell, which was placed carefully within the adaptor. The guard leg was placed around the adaptor and the volume of sample was stirred slowly using a motor driven stirring spindle (S 27). The viscosity values were noted at different rpm. Viscosity of preformed gels was measured using the T-bar spindle (S 96) rotated within the container containing 6 g of gels. A typical run involved changing the angular velocity of spindle from 1 to 100 rpm. The viscosity values at each rpm were noted.

*In vitro* release of drugs: {#sec2-8}
----------------------------

The recipient compartment (i.e., weighing bottle) was filled with phosphate buffer saline (PBS) pH 7.4 (3 ml). The pretreated synthetic membrane of appropriate diameter (2.0 cm) was mounted carefully on the rim of the Eppendorf\'s tube (6.5 mm internal diameter), 0.2 ml of sample was placed in Eppendorf\'s in solution form and left to form gel then donor compartment placed in receptor compartment, which contained 3 ml PBS. The whole diffusion assembly was then placed in the thermostatically controlled magnetic stirrer at 37±0.5° and 70 rpm. About 0.1 ml quantities of aliquots were withdrawn carefully from the receptor compartment and were replaced immediately with the same volume of fresh PBS (maintained at 37±0.5°). The samples were diluted suitably and the content of drugs in each sample was estimated from the absorbance at 271 and 242 nm using the previously developed method.

Stability of selected *in situ* gel formulation: {#sec2-9}
------------------------------------------------

Formulations P3N3 and P3K3 were stored at 2-8^o^ (refrigeration condition) in clean, dry, airtight container, kept away from light for 3 mo and evaluated for drug content, viscosity, gelation behaviour, gel strength and *in vitro* drug release.

RESULTS AND DISCUSSION {#sec1-2}
======================

The temperature dependent gelation of poloxamer solution could be explained as being a change in the micellar properties by temperature increases. Raising the temperature of poloxamer solution will be accompanied by an increase in the micellar aggregation number and a decrease in of critical micelle concentration, allowing the formation of more closely packed and a more viscous gel. Moreover, the conformational changes in the orientation of methyl groups in the side chains of poly(oxypropylene) polymer chains, constituting the core of micelle, with the expulsion of the hydrating water from the micelles will contribute to the gelation phenomenon\[[@ref18]\]. The solutions containing Poloxamer 407 as gelling agent exhibited improved gelling ability i.e. reduced gelling time and phase transition temperature ([Table 3](#T3){ref-type="table"}) with increasing concentration of polymers. However, this correlation was evident only at polymer concentration \>17% w/v and above. Moreover, the effect of increasing concentration of gelling polymer was more pronounced on gelling time than the transition temperature. The addition of Natrosol 250 M and Klucel HF in the solution was only for the purpose of a imparting a greater mechanical strength to form *in situ* gel by increasing their viscosity. The most effective combination of polymer were Poloxamer 18% w/v with Natrosol 250M (P2N3 with phase transition at 55 s), 19% (P3N1, N2, N3 with phase transition at 50, 55, 35 s) and Klucel HF (P3 K3 with phase transition at 59 s).

###### 

SOL-GEL TRANSITION TEMPERATURE AND GELLING ABILITY/TIME
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The contents of ciprofloxacin hydrochloride and dexamethasone sodium phosphate in the selected *in situ* gelling solution systems ranges between 96.39-100.87% ([Table 4](#T4){ref-type="table"}), which is acceptable since the compendia specification for the drug contents in gel is 90-110%.

###### 

EVALUATION OF FORMULATIONS
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The gel strength, which is an indication for the viscosity of the solution at physiological temperature, was determined by distance travelled (cm) within 2 min, the stainless steel ball penetrate down the gel. The sufficient gel strength is required to prevent the leakage from the ear. The distance travelled by stainless steel ball has inverse relation to the gel strength; the lower the distance, higher will be the gel strength. The increase in polymer concentration leads to increase in gel strength of the formulations ([Table 4](#T4){ref-type="table"}).

Formulation s hould have sufficient mucoadhesive strength in order to retain the formulation within the applied area for sustained pharmacological action. The formulation P3K3 having maximum mucoadhesive strength ([Table 4](#T4){ref-type="table"}). There was corresponding increase in Muco-adhesive strength with increasing concentration of individual polymers. Mucoadhesive involves association of reactive functional groups of polymers with those of mucin layer lining the organ. However, the extent of association depends on the degree of freedom available for the polymer chains.

There are no specifications as such for viscosity of *in situ* gelling systems. The rise in viscosity of all formulations at physiological temperature was due to sol gel transformation. In the development of otic *in situ* gel, appropriate viscosity of formulation is important. The formulation must be administered easily as drops and get transformed into a viscous gel. These systems are expected to undergo falling viscosity at increasing shear rate. The *in situ* gel bases containing Poloxamer 407 in combination with viscosity modifiers naturally were more viscous than the bases. The sol phase then converted to gel bases by change in temperature. The *in situ* gels bases clearly indicated the shear thinning behaviour (figs. [1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}). As the concentration of viscosity increasing agent was increased the viscosity was also increased.

![Shear thinning of *in-situ* otic gel formulations containing varying concentration of Poloxamer 407 and Klucel HF.\
Rheological behaviors of *in situ* otic gel formulations P3K1 (![](IJPhS-77-764-g005.jpg)), P3K2 (![](IJPhS-77-764-g006.jpg)) and P3K3 (![](IJPhS-77-764-g007.jpg)) containing Poloxamer (19% w/v) with Klucel HF (0.5, 1.0 and 1.5% w/v, respectively).](IJPhS-77-764-g008){#F1}

![Shear thinning of medicated *in situ* otic gel formulations containing varying concentration of Poloxamer 407 and Natrasol 250.\
Rheological behaviors of *in situ* otic gel formulations P3N1 (![](IJPhS-77-764-g009.jpg)), P3N2 (![](IJPhS-77-764-g010.jpg)) and P3N3 (![](IJPhS-77-764-g011.jpg)) containing Poloxamer (19% w/v) with Natrasol 250 (0.5, 1.0 and 1.5% w/v, respectively).](IJPhS-77-764-g012){#F2}

The *in vitro* drug release study was carried out for all formulated otic *in situ* gels containing ciprofloxacin hydrochloride and dexamethasone sodium phosphate. All batches showed a sustained drug release profile for 8 h.

Formulations P3N3 showed 46.16±72 and 53.58±46% release of ciprofloxacin hydrochloride and dexamethasone sodium phosphate (figs. [3](#F3){ref-type="fig"} and [4](#F4){ref-type="fig"}), respectively, whereas P3K3 indicate 50.15±27% of ciprofloxacin hydrochloride ([fig. 5](#F5){ref-type="fig"}) and 54.97±33% of dexamethasone sodium phosphate ([fig. 6](#F6){ref-type="fig"}) release for a period of 8 h. The R^2^ values for both the formulations were in good correlation for Higuchi, therefore release rate of drugs were in accordance of Higuchi kinetic release. It was noted that, the release of drug is not only affected by poloxamer concentration but also the concentration of viscosity modifiers. The drug release retarding effect of polymers could be attributed of their ability to increase overall product viscosity as well as their ability to distort the extramicellar aqueous channels of polymer micelles through which drug diffuses thereby delaying the drug release.

![Release rate profile of ciprofloxacin hydrochloride from *in situ* gelling system containing Natrasol 250.\
Release rate profile of ciprofloxacin hydrochloride from *in situ* otic formulations P3N1 (![](IJPhS-77-764-g013.jpg)), P3N2 (![](IJPhS-77-764-g014.jpg)) and P3N3 (![](IJPhS-77-764-g015.jpg)) containing poloxamer (19% w/v) with Natrasol 250 (0.5, 1.0 and 1.5% w/v), respectively. Results are mean of three observations, ±standard deviation.](IJPhS-77-764-g016){#F3}

![Release rate profile of dexamethasone sodium phosphate from *in situ* gelling system containing Natrasol 250.\
Release rate profile of dexamethasone sodium phophate from *in situ* otic formulations P3N1 (![](IJPhS-77-764-g013.jpg)), P3N2 (![](IJPhS-77-764-g014.jpg)) and P3N3 (![](IJPhS-77-764-g015.jpg)) containing poloxamer (19% w/v) with Natrasol 250 (0.5, 1.0 and 1.5% w/v), respectively. Results are mean of three observations, ±standard deviation.](IJPhS-77-764-g017){#F4}

![Release rate profile of ciprofloxacin hydrochloride from *in situ* gelling system containing Klucel HF.\
Release rate profile of ciprofloxacin hydrochloride from *in situ* otic formulations P3K1 (![](IJPhS-77-764-g013.jpg)), P3K2 (![](IJPhS-77-764-g014.jpg)) and P3K3 (![](IJPhS-77-764-g015.jpg)) containing poloxamer (19% w/v) with Klucel HF (0.5, 1.0 and 1.5% w/v), respectively. Results are mean of three observations, ±standard deviation.](IJPhS-77-764-g018){#F5}

![Release rate profile of dexamethasone sodium phosphate from *in situ* gelling system containing Klucel HF.\
Release rate profile of dexamethasone sodium phosphate from *in situ* otic formulations P3K1 (![](IJPhS-77-764-g013.jpg)), P3K2 (![](IJPhS-77-764-g014.jpg)) and P3K3 (![](IJPhS-77-764-g015.jpg)) containing poloxamer (19% w/v) with Klucel HF (0.5, 1.0 and 1.5% w/v), respectively. Results are mean of three observations, ±standard deviation.](IJPhS-77-764-g019){#F6}

Form the results of gelation behaviour, viscosity, gel strength, mucoadhesion, and *in vitro* drug release studies, formulations P3N3 and P3K3 were selected. Both the formulations showed the prolonged release of ciprofloxacin hydrochloride and dexamethasone sodium phosphate over a period of 8 h, and were stable with no adverse effect of temperature and humidity during the storage over 3 mo. The formulations suggest the management of otits media could be possible with *in situ* otic gelling system however, *in vivo* studies are needed to ascertain efficacy of the experimental formulation.
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